Abstract -This study describes a method to obtain obstacle conjunction with perspective cameras. 
robot localization and navigation by several researchers [2] , navigation. The omnidirectional stereo vision system is based on [3] , [4] , [5] . A common constraint upon the omnidirectional a common perspective camera coupled with two hyperbolic sensors modeling requires that all the imaged rays pass mirrors. Given two images of a space point acquired by this vision system, the 3D coordinates of the point can be calculated through a unique point called single viewpoint (SVP) [ I 3] . by means of triangulation. Then the study presents a full model
The reason iS that a single viewpoint iS SO desirable that it iS a of calibrating this vision system, which can be easily generalized requirement for the generation of pure perspective images to all kinds of catadioptic sensors. The images captured by the from the sensed images. These perspective images can stereo vision system are unwrapped into panoramic images, subsequently be processed using the vast array of techniques which are then examined for stereo matching along vertical developed in the field of computational vision that assume epiploar lines. An algorithm of the quick stereo edge matching perspective projection. The mirrors popularly used to method based on Canny edge detection is proposed. In Obtaining 3D information of the space objects using detect obstacles. However, laser range finders which scan a binocular omnidirectional stereo vision has been reported in 2D plane have a drawback, that is, only the objects at a [7] , [8] ,9]. Such two-camera stereo systems can be sorted into specific height can be detected.
horizontal stereo systems and vertical stereo systems Stereo vision is also widely used [6] for it's precision and according to their cameras' configuration. In [9] , the cameras the abundant information it contains. At the same time stereo are configured horizontally and the baseline of triangulation is vision has the significant advantages that it achieves high in the horizontal plane. This configuration results in two resolution and simultaneous acquisition of the entire range problems: One is that the epipolar line becomes curved which image without energy emission for mobile robot navigation will lead to the increase of the computational cost; the other is compared to other navigation sensors such as acoustics, radar, that the accuracy of the 3D measurement depends on the or scanning lasers.
direction of a landmark [14] . In [7] , [8] , two omnidirectional But the conventional cameras are limited in their fields of cameras are vertically arranged. Such configuration escapes view (FOV). An effective way to enhancing the FOV is to the shortcomings brought by horizontal stereo system, construct an omnidirectional vision system using mirrors in whereas the power and data cables and the cantilever This work is supported by National Science Foundation of P.R. China(60575024) supported the mirror introduce occlusion to the images coordinate system so that the focal point of the camera, 0, is captured by this configuration. In addition, two-camera stereo at the origin (in 3-space), and the optical axis is pointing systems are costly and complicated besides they have the along the z-axis. Then the hyperbolic mirrors can be problem which their cameras require precise positioning.
represented in this coordinate as equation (1) The catadioptric sensors have the advantage of wide angle addition, only a single set of internal calibration parameters of view. But the images acquired by such system have a needs to be determined. Perhaps the most important is that relatively low spatial resolution. Especially for those objects single camera stereo simplifies data acquisition by only which are more than a few meters away, their images requiring a single camera and digitizer and no hardware or captured by catadioptric sensors are severely distorted. In software for synchronization [15] . Omnidirectional stereo is based on a double lobed mirror and a single camera was Fatz developed in [10] ,[1 1], [12] , in which a double lobed mirror is a coaxial mirror pair, and the centers of both mirrors are collinear with the camera axis and the mirrors having a profile bl radially symmetric around this axis. This arrangement has the advantage of producing two panoramic views of the scene in \Fb a single image. Thus it is extremely compact and naturally ensures the alignment of the two images of the scene. But since the two mirrors are so close together, the disadvantage of this method is that it provides the relatively small baseline°P (not more than twenty millimetres). We have developed a y large baseline omnidirectional stereo vision system based on a Pb Pa. Image plate common perspective camera coupled with two hyperbolic Fig 3 . The mirrors and camera are aligned coaxially mirrors [17] , [18] , which are separately fixed inside a glass and vertically cylinder. As the separation between the two mirrors provides more enlarged baseline, the precision of the system has order to obtain images of a relatively good quality, we set our improved correspondingly.
system which has a map range of 5 meters when mounted The rest of the paper is organized as follows: Section 2 750mm high above ground. Designing the two hyperbolic describes the mathematics of the stereo vision system. In mirrors according to this specification, we get the parameters section 3 a full model of calibration of the system is presented.
of the mirrors. Section 4 describes how to obtain the omnidirectional In The calibration is performed using a set of 81 points equally distributed on a desk with different heights from 0 to ua va t-tJ 122mm around the vision system.
The Furthermore, the configuration of the system also ensures from the original image. Fig 8 is the panoramic image that matched epipolar lines to be straight and emit radially from after Canny edge detection. the epipole to the boundary of the image (see the points A, B, Epipolar geometry makes the stereo matching easier by C, D respectively Fig 5) . Matched epipolar lines assure reducing the 2D search for corresponding pixels to a ID efficient searching methods can be used to perform stereo search along the same epipolar line in both images. As correspondence, thus, fast and real-time 3D reconstruction is introduced above, the coaxial configuration of the camera and allowed.
the two hyperbolic mirrors make the epipolar line radially collinear, which makes the system free of the search process IV. STEREO MATCHING for complex epipolar curve in stereo matching. The search window is slid along the epipolar line of inner image and Jasmine Banks [19] states the art algorithms are n ae template matching is performed at all positions at outer image.
to produce good depth maps of typical benchmark images. So the steps to obtain omnidirectional obstacles information are:
Step 1. Capturing an omnidirectional image, Step 2. Unwraping the omnidirectional image into panoramic images,
Step 3. Doing Canny edge detection on the panoramic image which is converted from the image via bellow hyperbolic mirror.
Step 4. Finding matched points of the edge between the Step 
